Introduction
symptomatic vertebrobasilar insufficiency resulting from neck rotation, also named bow hunter's syndrome due to the rotated position of the patient's head or neck when symptoms develop, most commonly occurs from temporary stenosis or occlusion of the vertebral artery (VA) at the C1 or C2 level [1] [2] [3] [4] . There are few cases of bow hunter's syndrome caused by obstruction of the VA at the lower cervical levels between C3-C6 [5] [6] [7] . This report illustrates the case of bow hunter's syndrome at the level C5-C6 due to a degenerative osseous prominence in a woman presenting with acute ischemic stroke finally treated by surgical decompression.
Case Report
A 66-year old previously healthy female patient was admitted to our stroke Unit due to sudden nondirectional vertigo, vomiting, and temporary loss of consciousness while looking out of a train window. Clinical examination revealed horizontal nystagmus and a positive Babinski sign on the left side. routine serum lab values were normal, and the echocardiogram was unremarkable. Magnetic resonance imaging (MrI) revealed the presence of an acute stroke in the left cerebellar hemisphere corresponding to the posterior inferior cerebellar artery (pICA) territory ( Fig. 1a and b) . Magnetic resonance angiography (MrA) showed severe stenosis due to thrombus formation in the V2 segment of the VA on the left side in addition to contralateral VA hypoplasia. no stenosis of the other supraaortal vessels was detected. Intravenous thrombolysis was initiated using a recombinant tissue plasminogen activator and subsequently, we performed digital subtraction angiography (dsA) for possible endovascular intervention (Fig. 1c) . There was a partial recanalization of the left VA; therefore, no endovascular recanalization was performed.
Within a few hours, the patient was asymptomatic except for slight dizziness. Transesophageal echocardiography (eCG) and 24-hour eCG were negative for cardiac embolus. In regard to medical history, 6 weeks prior to admission the patient experienced several short episodes of vertigo and double vision while rotating her head. Computed tomography angiography (CTA) revealed irregular stenosis of the left VA at the level C5-C6 caused by a massive posterior osseous prominent spondylophyte of the facet joint C5-C6 on the side of the dominant VA (Figs. 2a, b and 3a) . The patient was discharged with an oral anticoagulant and instructed to avoid extreme head rotation. neurovascular ultrasound two months later showed persistent high-grade stenosis of the V2 segment of the VA. Because of the persistent stenosis and the cerebellar stroke on the left side due to either a V2 thrombosis as a result of arterial stasis or microdissection as well as the presence of contralateral VA hypoplasia, we opted for a surgical approach to relieve the osseous stenosis. The longus colli muscle was mobilized laterally and divided at the C5-C6 level interspaces. At the C5 and C6 level, the lateral portion of the vertebral body as well as the anterior surface of the transverse foramina were removed to mobilize the V2 segment laterally and gain access for the osteophytectomy. postoperative CTA showed a decompressed normal V2 segment of the VA on the left dominant side (Fig. 3b) . The patient was discharged with residual slight ataxia and experienced no further vertebrobasilar transient ischemic attacks (TIA) throughout the six months of follow-up.
Discussion
Here we report a patient with rotational occlusion of the VA by an osseous prominence at the C5-C6 facet joint on the left side that resulted in a thrombus formation in the V2 segment of the VA, probably due to hemostasis or microdissection during neck rotation to the right side. Ipsilateral ischemic stroke in the vessel territory of the pICA occurred and was caused by either arterio-arterial embolism or by hemodynamic impairment. Ischemic stroke was preceded by recurrent vertebrobasilar TIAs provoked by head rotation. Contralateral VA hypoplasia was diagnosed as the predisposing factor for hemodynamic impairment of the posterior circulation during head rotation. symptomatic rotational VA occlusion of the V2 segment is a rare condition. In normal circumstances, there is sufficient collateral blood supply provided by the contralateral VA as well as the anterior circulation when the circle of Willis is well developed. However, symptoms may develop in cases where contralateral VA hypoplasia, stenosis or occlusion or additional stenosis of the proximal VA are present.
reports on treatment options for rotational VA syndrome are limited to a few case reports and small surgical or endovascular series [7] [8] [9] . surgical decompression of the VA, endovascular stenting of the concerning artery or treatment of the contralateral atherosclerotic VA have been proposed [8, 10, 11 ]. There are a few published cases that conservatively treat the condition by restricting head rotation [12, 13] . This latter approach may be limited to the fact that surgical treatment on one hand has been shown to be effective and further morbidity could be avoided. nearly 50 % of patients treated conservatively went on to have infarction or suffered residual neurological deficits [1] . An 85 % success rate for surgery, based on the relief of symptoms, has been reported [1] . In our case, repeated angiography and ultrasound examination after thrombolysis revealed persistent stenosis on the affected side as well as a hypoplastic VA on the contralateral side. due to the fact that symptomatic stroke occurred in the vessel territory of the affected side, surgical treatment was considered. Factors influencing treatment decisions may include stroke type, location of occlusion, collateral circulation, and age. Location of occlusion is especially relevant for choosing the appropriate treatment. The VA is anatomically divided into four segments V1-V4, of which the V2 segment corresponds to the intervertebral portion of the transverse foramen C3-C6. stenosis of the V2 segment is most often due to extrinsic compression. In most cases, surgical treatment includes an anterior approach for removal of the lateral osteophytes, an uncectomy and (partial) transversectomy as well as consecutive osteophytectomy as described by nagashima et al. [14] . In rare cases, compression of the V2 segment is due to a laterally herniated intervertebral disc [5, 9] . In the V3 segment of the VA at the C1-C2 level, partial unroofing of the transverse foramina [1, 9, 15] or cervical fusion [9, 16, 17] or a combination of both has been proposed [7] . Less commonly, the proximal portion of the VA in the V1 segment is constricted by a fibrous band [18] . recently, there are a few case reports describing treatment of this entity with endovascular interventions. nowadays, therapies tend to be less invasive and endovascular treatment gains further acceptance as the first-line treatment. natello et al. [11] describes successful treatment of a patient with bow hunter's syndrome with stent placement. In two other reports of bow hunter's syndrome, stent placement in contralateral atherosclerotic VA stenosis was performed and resulted in relief of symptoms [8, 10] . nevertheless, treating an extrinsic compression of vessels by osteophyte formation with stents can result in severe in-stent stenosis due to the dynamic character of the compressive mechanism. Fischer et al. [19] reported a case of VA dissection due to cervical spondylosis at the V2 segment treated with a drug-eluting balloon-expandable stent with consecutive restenosis two days later. restenosis was treated by insertion of a balloonexpandable covered stent. Follow-up angiography eight weeks later showed a persisting high-grade in-stent restenosis. Finally, a CT scan of the cervical spine depicted a massive spondylosis at C6-C7 with narrowing of the neuronal foramen and constriction of the stent by a large osteophyte at the transverse foramen. even with increased intraluminal pressure of stents, a certain resistance to extrinsic compressive force may be sustained. However because of dynamic forces resulting from rotation of the neck, it is questionable whether there is enough resistance of the stent to render the vessel open in this dynamic process. Therefore, we believe that in the rare case of positional VA occlusion in the V2 segment, a surgical approach is preferred whenever feasible. potentially increasing osteophytic hypertrophy and possible in-stent restenosis either by scar tissue formation [20] or extrinsic compressive restenosis [19] may occur. The latter increases the risk of hypoperfusion, stasis, thrombus and emboli formation as well as thrombotic occlusion [21, 22] . Moreover, decision-making may be difficult due to the fact that the dominant VA is mostly affected and thus iatrogenic occlusion of the treated artery may have devastating consequences.
In conclusion, treatment strategies in patients with bow hunter's syndrome must be considered on an individual basis depending on location and status of the affected vessel, collateral circulation, osseous abnormalities, comorbidities, and patient's daily life activities.
